Introduction
An implantable cardioverter-defibrillator (ICD) is the firstline treatment and prophylactic therapy for patients at risk for life-threatening ventricular arrhythmias. The traditional transvenous implantable cardiac defibrillator (TV-ICD) is associated with potential for several uncommon but serious complications. 1 The subcutaneous implantable cardiac defibrillator (SICD) was developed in the early 2000s to overcome disadvantages of the TV-ICD system while also providing comparable efficacy in detection and treatment of malignant ventricular tachyarrhythmias. 2 Given that SICDs are implanted extravascularly outside of the thoracic cage, electing to implant a SICD in lieu of a traditional TV-ICD can obviate the risk of bloodstream infection, venous stenosis, and pneumothorax. [2] [3] [4] [5] However, an SICD also has its inherent limitations, particularly high defibrillation threshold (DFT) and inability to deliver antitachycardia pacing. The SICD DFT is influenced by variables related to patient anatomy, plane and orientation of the generator, and coil position. 6 Failure to defibrillate may be remedied with generator repositioning combined with a novel bio envelope and anchoring strategy.
We report a clinical case of a migrated SICD generator in a morbidly obese patient. The SICD was reanchored with a novel extracellular matrix (ECM), CanGaroo Bio Envelope (Aziyo Biologics, Silver Spring, MD), and subsequently we were able to achieve an acceptable DFT. Our case highlighted a new generator anchoring strategy to improve the SICD implantation and DFT success in a patient with challenging body habitus.
Case report
A 44-year-old woman with morbid obesity (body mass index [BMI] 41 kg/m 2 ) underwent SICD implantation at an outside hospital after a resuscitated sudden cardiac death due to polymorphic ventricular tachycardia. At the implantation she had a successful DFT with a reported high impedance of 130 ohms at 65 J. The patient was subsequently discharged, and in the interim she developed severe pain at the SICD generator site. Upon evaluation at our hospital, the SICD generator was found to have migrated from its initial position along the left ribcage, having tilted anteriorly away from the ribs (Figure 1 ). After shared decision making and planning, we decided to attempt a novel approach for the pocket revision to stabilize the pulse generator.
In the electrophysiology lab, the lateral thoracic incision was reopened. The device was found to be angled oblique to the ribcage and could not be positioned back into a stable position. A dense fibro-capsule that had already begun to form was debrided. Additional anchoring sutures were placed through the 2 anterior pulse generator suture holes, which did not help maintain a stable generator position. The device was then inserted into an ECM CanGaroo envelope ( Figure 2 ). Sutures were placed through the 2 suture holes, the envelope, and the fascia anterior and posterior to the SICD to wrap around the device ( Figure 3 ). Fluoroscopy suggested a large amount of submuscular adipose tissue-the device remained 40 mm away from the ribs-but the device was now able to rest parallel to the ribcage. DFT was subsequently successful within the recommended device operating parameters: 65 J, with an impedance of 90 ohms. In follow-up, the patient experienced much less discomfort at the generator site and had not experienced ICD shocks. After repositioning, primary sensing QRST vector was primary configuration as opposed to secondary. Postrevision follow-up chest radiograph confirmed parallel position of the SICD generator to the ribcage (Supplemental Figure 1) . ), higher body surface area, and increased myocardial septal and posterior wall thickness predict higher DFT. 7 In our case, the migrated SICD generator led to an unusual vector with elevated impedance, consistent with substantial fat tissue and fibrous capsule between the generator and parasternal lead. Stabilizing the generator against the ribcage yielded adequate DFT, illustrating the importance of defibrillation vector.
An optimal ICD system should be able to successfully defibrillate a patient with the least amount of energy over a short interval (w10 ms) to preserve battery life and device longevity. Variables that govern this relationship are the capacitance of the generator and the resistance over the path of electrical current. This resistance is the tissue impedance between anode and cathode of the ICD, measured in ohms. 8 Anatomic variables that influence impedance through the thoracic cage include adiposity, the distance between the anode and cathode, the character and types of tissues between the generator and coil, and the vector through which the electrical wave propagates.
1 This is the reason for concern of elevated DFT in severely obese patients. Given that the SICD shocking coil is implanted superficial to the sternum, there is more distance between the coil and the left ventricular myocardium compared to TV-ICD coils. As such, SICD systems require much higher energy compared to TV-ICDs. 2, 5, 6 With our new anchoring strategy, we repositioned and sutured the generator using the Bio Envelope onto the latissimus muscle in the formation where the generator tilted posteriorly and not anteriorly. This bolsters the envelope against the muscle, essentially preventing an anterior migration of the device, which helps to preserve DFT vector over time. 6 This is particularly beneficial for patients with high BMI because even a few millimeters of substernal fat can exponentially increase the shock impedance and the energy required for successful defibrillation.
An additional benefit of the CanGaroo envelope is a possible reduction in the incidence of infection. 9 There have been reports of slightly increased infection risk with implantation of SICD (4%) compared with a TV-ICD (2.2%) in the EFFORTLESS trial, 10 even though the risk of progression to systemic infection and 
KEY TEACHING POINTS
The defibrillation threshold in the subcutaneous implantable cardioverter-defibrillator (SICD) is influenced by variables related to patient anatomy, plane, orientation of the generator, and coil position.
Failure to attain stabilization of the SICD generator to the chest wall can result in an elevated shock impedance, a change in defibrillation threshold, and change in QRST sensing vector.
A novel biodegradable bio envelope and suture orientation can be used to effectively stabilize the SICD generator to the chest wall and promote tissue regeneration.
endocarditis is much less for SICDs compared to TV-ICDs. 5 The CanGaroo ECM Envelope is derived from the decellularized submucosa of pig intestine. Once the ECM is implanted into the tissue, the inflammatory cascade is prevented from activation. The body recognizes scaffold as its own and undergoes a type II macrophage response. Tissue can grow in and around the ECM, reducing the amount of calcium and thick fibrous tissue in the defibrillator capsule. The difference in tissue quality would result in a chronically more conductive medium around the generator with vascularity secondary to promotion of angiogenesis around the capsule. 11 The approximate time of biodegradation of the ECM is 2-4 weeks based on BMI. The absorbable synthetic antibacterial envelope has been used for device implantation in patients with high infection risks. 11 Based on our knowledge, this is the first report of the use of an ECM in an SICD to stabilize the generator optimizing DFTs at implant utilizing a particular suture orientation. This may have future research implications, specifically in patients at time of generator change and/or increase in DFTs secondary to obesity or antiarrhythmic pharmacotherapy (amiodarone). In addition, properties of the ECM may also reduce the risk of pocket infection through promotion of natural angiogenesis and resistance to calcification.
Conclusion
Large SICD pockets may allow the generator to shift within the soft tissue, resulting in an unfavorable DFT vector. This can be corrected by anchoring the device within a bio envelope to the fascia with multiple sutures. Figure 3 Nonresorbable sutures were placed into the muscular layer through the subcutaneous implantable cardioverter-defibrillator (SICD) header and the extracellular matrix (ECM) envelope. Sutures were then wrapped around the outside of the envelope and were anchored again inferior to the device, pinning the inferior part of the envelope to the muscle layer. Compared to the traditional method (A) that anchored the device at 2 points at the upper part of the pocket, the new approach (B) anchored the device at 4 points, both at the upper and lower part of the pocket, with the suture line wrapped around the device to increase stability against the ribcage.
